A human mucinous cystadenocarcinoma of the ovary was propagated in nude mice. After cryopreservation of the 3rd-passage xenograft for 4 years, subsequent in vivo transplants showed the emergence of two distinct populations, one resembling the original human adenocarcinoma and the other resembling a spindle-cell sarcoma. These two tumor cell populations were confirmed to be human and murine, respectively, by cytogenetic study, and the epithelial tumor cells were further shown to be of human origin by immunoperoxidase staining of blood group A antigen. Separation of the two tumor cell populations in vitro permitted the independent propagation of the human and murine tumor cells in vitro and in vivo. The murine sarcoma was also capable of growth in ordinary BALB/c mice. These results indicate that human cancer cells can induce malignancy in adjacent, putatively normal, cells of nude mice in vivo.
We have recently demonstrated that murine stromal cells can be isolated from primary human tumors transplanted in nude mice and that these cells show evidence of transformation in vitro and tumorigenicity in vivo (1-3). Our observations were confined to the behavior of the murine fibroblastoid cells isolated in short-term cultures, thus raising the possibility that this horizontal transmission of malignancy might have occurred or been enhanced in vitro by the interaction of murine host and transplanted human cancer cells (3) . However, xenografting nonmalignant control cells or established human tumor cell lines did not achieve similar results (2) . To elucidate this phenomenon further, we have studied the in vivo growth of a human ovarian adenocarcinoma grafted to nude mice, and we have found the emergence of a murine sarcoma adjacent to the human neoplasm. These findings support the view that human cancer cells can induce malignancy in adjacent, putatively normal, host cells of another species in vivo.
METHODS AND RESULTS
Immediately after surgery, a specimen of mucinous cystadenocarcinoma of the ovary was washed in Hanks' balanced salt solution containing penicillin (1000 units/ml) and streptomycin (0.5 mg/ml) and minced with curved iris scissors. A volume of 0.5 ml of a 50% (wt/vol) suspension of this mince diluted in sterile 0.9% NaCl and supplemented with antibiotics was injected subcutaneously into the flanks of five athymic nude (nu/ nu) BALB/c mice. Four ofthe five mice showed growing tumor masses, and, one at each time, they were sacrificed for subtransplantation and histological evaluation at 6, 8, 9, and 11 weeks after grafting. Fig. 1 a and b shows the microscopic structure of the original surgical specimen and a 6-week-old nude mouse transplant with similar structure. This histological appearance has been retained in subsequent passages for more than 20 months. 6 weeks. These cells show a loss of contact inhibition consistent with their being transformed. The cells were found to have an aneuploid murine chromosome constitution, an example of which is presented in Fig. Id . Such cells, once grown in sufficient number, were able to produce spindle-cell sarcomas in nude mice ( Fig. 1 e and f) but did not show evidence of metastasis. In another experiment, cultivating an 18th-passage human adenocarcinoma transplant in vivo, morphologically transformed fibroblastoid cells were noted within 1 week after explantation, as in previous experiments (3) .
An aliquot of a 3rd-passage tumor in a nude mouse was cryopreserved in liquid nitrogen for 4 years and then removed and rapidly thawed for retransplantation into nude mice. Nine weeks later a 195-mm2 tumor was removed and found to resemble the original tumor specimen in histopathological appearance. However, as this transplant was passaged in vivo further, there was a gradual loss ofthe human adenocarcinoma and an increase in mesenchymal tumor components. By the 10th passage (7th after cryopreservation), only scattered patches of the adenocarcinoma could be seen microscopically (Fig. ig) . Because it was presumed that the epithelial tumor cells are derived from the human carcinoma grafts and the sarcomatous components are descended from the host as the tumor's stroma, immunoperoxidase staining of the sections for blood group antigens was performed. Fig. lh shows selective peroxidase staining for blood group A antigen in the epithelial tumor areas, but not in the surrounding sarcoma cells. The patient's chart was then reviewed, and it was learned that she had blood group A, consistent with that expressed by her ovarian carcinoma even after long-term passage in mice.
By the 11th transplant generation of the cryopreserved tumor line, no areas of ovarian adenocarcinoma could be seen microscopically, only sarcoma identical to the tumors produced by injecting the murine fibroblastoid cells (isolated from the human tumor transplants cultivated in vitro) into nude mice.
Those cells recognized in vivo or in vitro as being of human adenocarcinoma or of murine mesenchymal tumor origin were further confirmed as such by karyological analysis. The murine sarcoma, derived either from the in vivo grafts of the cryogenically derived line or from the in vitro cultures of human adenocarcinoma transplants in nude mice, appeared to have a bimodal chromosome distribution (60-65 and >100), having the typically murine chromosome appearance shown in Fig. ld microscopic appearance and the chromosomal distribution of the murine sarcoma in BALB/c mice were identical to those in nude mice or in the sarcoma cells isolated in vitro.
DISCUSSION
The experiments described here extend our previous observations that human cancer cells can induce malignancy in adjacent stromal cells of their murine hosts (1) (2) (3) . In contrast to our earlier studies, however, in which in vitro transformation of the murine host's fibroblasts contained in the tumor grafts could not be excluded, the current findings show that this is indeed a biological event occurring in vivo. Although a single case of the horizontal transmission of malignancy from a human ovarian carcinoma to adjacent murine fibroblasts is emphasized here, our previous studies dealing with this subject indicate that this occurrence is more general in nature. All five primary human tumors of diverse histopathology grafted in nude mice showed in vitro and subsequent in vivo evidence of the induction of murine sarcomas (3). However, two established human cancer cell lines failed to show similar results after transplantation to nude mice (3).
The mechanism responsible for this phenomenon of a horizontal transmission of malignancy to putatively normal, differentiated, cells is as yet unknown, although this possibility has been suggested since the beginnings of tumor transplantation, when the development of sarcomas from carcinomas was observed (4-7). At that time, the following explanations were raised (8): a tumor is mixed, having carcinomatous and sarcomatous components; a tumor's connective tissue becomes malignant during prolonged passage; carcinoma cells become transformed into sarcoma; a microorganism is transferred from the carcinoma to the adjacent connective tissue; and the carcinoma induces a malignant condition in the host's connective tissue. These possibilities are not mutually exclusive; histogenetically mixed components in neoplasms may result from the horizontal transmission of a transforming virus or cellular factor. Indeed, transforming "genes" or DNA from malignant cells have been described recently (9) (10) (11) (12) , and it was suggested that common oncogenic viruses were not implicated (12) . It is interesting to recall that, as early as 1905, Ehrlich and Apolant (4) raised the question of whether chemical substances produced by carcinoma cells are responsible for a metaplastic proliferation ofconnective tissue.
Why the coexistence of human adenocarcinoma and murine sarcoma areas in the same transplants was first observed after cryopreservation of the tumor graft in our experiments is not clear. It may be related to the reduced vigor and viability ofcells after freezing and thawing, thus perhaps enabling the murine sarcomatous cells to express their full biological potentials in the extended period needed for growth of the cryopreserved human tumor cells. The induction of the sarcoma via murine oncogenic viruses, such as the relatively ubiquitous murine leukemia virus (MuLV), is a possibility, particularly because the sarcoma we isolated from the human tumor grafts was found to The role of the immune-deprived host in permitting the development of host tumors is probably not insignificant. In another model, rat sarcomas were induced after transplantation of human cancer cells to rats treated with anti-thymocyte sera (13) . Human tumors grafted to the hamster cheek pouch, which is an immunologically privileged site (14) , were shown to result in highly malignant tumors with hamster properties, and it was postulated that the fusion of human tumor with normal host cells occurred in vivo (15) (16) (17) . Thus, the immune-deprived status ofanimals showing host oncogenesis after xenogeneic tumor transplantation suggests that immune surveillance may indeed play a role in stromal oncogenesis. However, in an immuneresponsive model, it has been found that passage of a murine lymphoma to allogeneic H-2-incompatible mice results in the production of a host-derived lymphoreticular neoplasm (18) .
At the present time, we favor the hypotheses of in vivo cell fusion of human tumor with normal host cells, with segregation of human chromosomes, or of transforming "genes" resulting in the horizontal transmission of malignancy. 
